Background -Several studies have shown that both objective and subjective measurements are related to exercise capacity in patients with chronic obstructive pulmonary disease (COPD) (Thorax 1994;49:468-472) Patients with chronic obstructive pulmonary disease (COPD) usually have a decreased exercise tolerance and a reduced quality of life. While spirometric measurements seem to be related to maximum ventilation in a bicycle ergometer performance,' in general they correlate weakly with less stressful tests such as the walking distance.2 5 Moreover, it has been shown that the transfer factor for carbon monoxide (TLCO) is positively correlated with the walking distance test.67
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Background -Several studies have shown that both objective and subjective measurements are related to exercise capacity in patients with chronic obstructive pulmonary disease (COPD) . In this study the relative contribution of lung function, maximal inspiratory pressure, dyspnoea, and quality of life to the performance in a walking distance test and a bicycle ergometer test was investigated. Methods -Static lung volumes, forced expiratory volume in one second (FEV,), inspiratory slow vital capacity (IVC), transfer factor for carbon monoxide (TLCO) divided by the alveolar volume (TLCO/VA), static compliance (Cst), and maximal inspiratory peak pressure (PImaxPOES) were measured in 40 patients with COPD with severe airways obstruction (mean FEV1 44% predicted, mean FEVJ/IVC 37% predicted). Quality of life was assessed by the Chronic Respiratory Questionnaire (CRQ) and dyspnoea by the Borg category scale. Exercise capacity was measured by both a six minute walking distance (test) and a maximal work load of the bicycle ergometer test (Wmax). Results -Spirometric values and maximal inspiratory pressure were modestly correlated with both the six minute walking test and Wmax, r values ranging from 0 50 to 0 58. The TLCO was strongly correlated with the six minute walking test (r=0-62) and with Wmax (r=0-78). Quality of life showed no correlation with exercise capacity, while there was a correlation between dyspnoea and the six minute walking test (r= -0-41). Backward linear regression analysis selected TLCO and PImaxPOES as the most significant determinants for exercise performance. They explained 54% and 69% of the variance in the six minute walking test and Wmax, respectively. Conclusions - The results show that exercise capacity in patients with COPD with severe airways obstruction is more strongly related to inspiratory muscle strength and lung function than to dyspnoea and quality of life. The significant correlation between dyspnoea and the six minute walking test suggests that subjective variables are more strongly related to walking tests than to bicycle ergometer tests. (Thorax 1994; 49:468-472) Patients with chronic obstructive pulmonary disease (COPD) usually have a decreased exercise tolerance and a reduced quality of life. While spirometric measurements seem to be related to maximum ventilation in a bicycle ergometer performance,' in general they correlate weakly with less stressful tests such as the walking distance.2 5 Moreover, it has been shown that the transfer factor for carbon monoxide (TLCO) is positively correlated with the walking distance test.67
Although dynamic and static lung volumes, compliance, and gas transfer (lung function) generally establish the level of impairment in COPD, Mahler and coworkers showed that maximal inspiratory pressure (MIP) provides additional information on impairment.8 Loiseau and coworkers9 also showed that exercise capacity in patients with COPD was related to the impairment of the inspiratory muscles. In addition, it has been shown in other studies that walking distance tests are related to psychosocial measurements, while no relation has been found between psychosocial measurements and bicycle ergometer tests.4 10 11 Both objective and subjective measurements are related to exercise capacity in patients with COPD. However, we are not aware of any research on their relative effect on a walking distance test compared with a bicycle ergometer test. In this study we have therefore investigated the relative contribution of lung function, maximal inspiratory pressure, dyspnoea, and quality of life to the performance in a walking distance test as well as a bicycle ergometer test in patients with COPD.
Methods

PATIENTS
Forty patients with known COPD"2 (table 1) who started a rehabilitation programme were studied. Entry criteria were: (a) postbronchodilator FEV, (forced expiratory volume in one second) <60% predicted, and (2) postbronchodilator FEV,/IVC (inspiratory vital capacity) <50% (after two inhalations of 40,ug city. Dyspnoea at rest as scored on the Borg scale showed a significant correlation (p < 0 01) with the walking distance but not with Wmax on the bicycle ergometer.
In the first regression analysis we used the six minute walking distance as dependent variable and IVC, RV, FEV1, TLCO, PImaxPOES, and dyspnoea as the independent variables. These six variables together explained 62% of the variance in six minute walking distance. However, the coefficients of FEV,, IVC, RV, and dyspnoea were not statistically significant. Consequently, the regression equation generated by backward stepwise multiple regression analysis for the six minute walking distance (6MD) included TLCO and PimaxPoEs ( TLCO explained 39% of the variance in the six minute walking distance while it explained 61% of the variance in maximal work load. Other studies have shown that lower TLCO is associated with less exercise capacity in patients with airflow limitation.67'9 Several factors may influence the single breath TLCO in COPD. Due to the breathing manoeuvre, impaired intrapulmonary gas mixing during the 10 second breath holding may lead to a low TLCO, as reflected by a difference between the measured VA with the single breath method and the plethysmographically determined TLC. Furthermore, airway collapse in these patients may provide a non-representative alveolar sample during the expiratory part of the manoeuvre. Increased dead space ventilation may also contribute to a decrease of TLCO. Finally, there is little doubt that the alveolar wall may be destroyed in these patients. Although TLCO is not usually significantly correlated with desaturation during exercise,7 20 this destruction of the alvolar wall leads to a "true" diffusion impairment, resulting in an oxygen desaturation during exercise. These factors are strongly interrelated, probably not in a linear way. The fact that in a multiple linear regression model TLCO explains a large part of the observed variance is merely an indication that the factors mentioned above are combined in a single number. As only a minor decrease in saturation during exercise occurred in our patients, a diffusion disorder was probably not the most important limiting factor. Patients in our study were mainly limited in their exercise capacity because they reached their maximal voluntary ventilation (MVV=375 x FEVI).'
Maximal inspiratory peak pressure (Pimax-POES) also contributed significantly to the explanation of the variance of both six minute walking distance maximal work load. This result is in accordance with the study of Loiseau and coworkers9 who showed that exercise capacity in COPD was related to impairment of both active (inspiratory muscles) and passive (respiratory impedance) components of the ventilatory system. Our results are also compatible with the opinion that inspiratory muscle weakness may limit exercise tolerance in COPD. " Pimax POES (kPa) group.bmj.com on July 6, 2017 -Published by http://thorax.bmj.com/ Downloaded from mastery dimensions of the CRQ would be correlated with the six minute walking distance. However, all three dimensions of the CRQ were neither correlated with the six minute walking distance nor with the maximal work load of the bicycle ergometer test. Our findings are in close agreement with those of Guyatt et al. 16 The differences can be explained by the fact that Morgan included patients with a wider range of ventilatory impairment (FEV, 0 25-3-5 1, and FVC 1 1-5-2 1).
Furthermore, Morgan and coworkers showed that attitudes and beliefs were of greater importance in predicting everyday exercise tolerance than disturbances of mood. Therefore, the patients' perception of their illness might have a more substantial effect on exercise capacity than fatigue, emotion, and mastery.
The relation between exercise capacity and subjective or objective measurements has been investigated in several studies. However, most have investigated only one aspect. The significance of our study is that we investigated the relation of both six minute walking distance and maximal work load with objective as well as subjective measurements in patients with COPD with severe airways obstruction. It is thus possible to assess the relative contribution of subjective and objective measurements to two different exercise tests in COPD.
Walking distance test and bicycle ergometer test measure different aspects of exercise capacity in patients with COPD, as suggested in several studies.' 31011 Unlike walking tests, performance in bicycle tests is limited by dyspnoea or leg fatigue. Moreover, the outcome with a bicycle ergometer test is thought to be better correlated with spirometric values.' McGavin et al" and Guyatt et al'0 showed that subjective measures of disability correlate with the six minute walking distance, but not with maximal work load of the bicycle ergometer test. The results of our study seem to disagree with the above mentioned results by showing that both exercise tests were strongly related to the same objective variables -that is, TLCO and PimaxPoEs. This may be partially explained by the fact that we found a highly significant relation between the six minute walking distance and maximal work load. TLCO and PimaxPoEs explained 15% more of the variance in maximal work load than in the six minute walking test. Furthermore, we showed that dyspnoea at rest as assessed by the Borg scale correlated negatively with the six minute walking distance but did not correlate with maximal work load. Although the Borg scale may not be the most appropriate measurement for evaluating dyspnoea at rest,23 our results suggest that the two exercise tests measure different aspects of exercise limitation in COPD.
In summary, this study shows that maximal inspiratory peak pressure and TLCO are important variables in determining exercise capacity in patients with COPD with severe airways obstruction. Although dyspnoea at rest shows no significant correlation with the maximal work load of the bicycle ergometer test, it is significantly and negatively correlated with walking distance. This suggests that subjective measurements are better related to a walking test than to a bicycle ergometer test.
